1 

PORTABLE MUSCLE STIMULATOR WITH 
PULSE WIDTH CONTROL 

nooon h in- 7 i %, a J C ° ntinuation of application Ser m„ 

09/290.407. fil.H Apr « „ ,nnn ^ „ ^ ^ 

apphcation Ser M» m/ans fiQ!. filed Fehn.^T HT^r 
flov^i-atent No. MM QQS »,^ h is a ^L,,,^ 
a PP''cat.on Ser. No. 08/536, 924, filed Sep. 29, 1995 now s 

U.S. Pat. No. 5,755,745. 5 

BACKGROUND OF THE INVENTION 
The present invention relates generally to portable muscle 
stimulators for unsupervised personal use. More 
particularly, the present invention relates to a method of and 10 
system for providing a portable muscle stimulator with a 
mechanism which provides usage monitoring capability. 

With the increasing application of 'high technology to 
medical applications, there has been a trend in recent years 
to providing as much care as possible as well as sophisti- 15 
cated medical treatment outside of hospitals. That trend has 
resulted in an increase in the amount of surgery as well as 
other types of medical treatment, such as rehabilitation 
services, being performed outside of hospitals in for 
example, ambulatory surgery centers or rehabilitation 20 
centers, respectively. 

In order to provide an even more cost effective outcome 
technology is being applied to obtain the desired medical 
outcome with medical equipment that can be utilized in the 
patient's home. In addition to the cost advantages obtained 25 
over providing similar treatment in an outpatient setting the 
use of such devices by patients in their homes is also more 
convenient for the patients, since they do not need to travel 
to an outpatient center for treatment, and they can initiate « 
their own unsupervised treatment at their convenience. 

However, several issues which were not concerns when 
the treatment services were provided to patients in an 
outpatient or hospital setting, quickly become concerns 
when patients supervise their own treatment in their own 35 
living areas. First, the device which the patients operate to 
effectuate their prescribed treatment must be easy to use and 
must be made as safe to use as possible. Second, it would be 
. desirable to be able to monitor and therefore document the 
use of the device by the patient, in order to assure that the 40 
protocol desired for the patient is being utilized. By obtain- 
ing such usage data, the physician/health care providers who 
have developed and/or prescribed the protocol for use by the 
patient can be satisned^that the patient is indeed performing 
the desired protocol and the patient's progress can be 45 
measured. In addition, the underwriter of the cost of the 
treatment can be assured that the patient is actually follow- 
ing the protocol. Such monitoring is important in connection 
with all of the Class H devices, as they are defined in the 
Food and Drug AcMnistration's Manual. "Classification 50 
Names for Medical Devices and In Vitro Diagnostic 
Products." such as a powered muscle stimulator as denned 
in 21 C.F.R. 890.5850. Such Class H devices are regulated 
and require a prescription by a doctor but do not require a 
high degree of supervision. Thus, such devices are used 55 
personally by the patient for whom they are prescribed 
without any supervision at the time of use. 

. SUMMARY AND OBJECTS OF THE 
INVENTION 

In view of the foregoing; it should be apparent that there 
stulexists a need in the art for a method of and apparatus for 
a portable muscle stimulator wlr 1 includes a usage moni- 
tonng capability for capturing and storing information with 
respect to the use of the device by a patient It is. therefore 65 
a primary object of this invention to provide a method of and 
apparatus for a portable muscle stimulator device having a 
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,W« ■ n, T n ? a " d St0MgC ca P abilit y w hich is character- 
ized by s,raple electronic circuitry and which has particular 
application for unsupervised personal use by a patient 

More particularly, it is an object of this invention to 
P~ vld V P°**«« n«Kcle stimulator device as deSbed 
above having reliable electronic circuitry a„d software 
whxch «n be easUy and safely used by% unsu£vS 

Still more particularly, it is an object of this invention to 

Another object of the present invention is to orovide 
1S several additional safety features which both enhance £e 
patten usabUity and safetyof the powered imisdesSSato 
invention disclosed herein. Thes^ures are deEd to 
prevent user error and accidental use and to assure correct 
operation of the powered muscle stimulator itself 
20 Briefly described, these and other objects of the invention 
are accomplished in accordance with its apparatus aspects 
by providingaremovabledata storage card whichis secured 
within the powered muscle stimulator on specially designed 
guide rails which prevent the removable data storage card 
M from being inserted into the powered muscle stipulator 
incorrectly. The design of the guide rails also functions to 
removably secure the data storage card in the correct loca- 
tion within the powered muscle stimulator itself. In addition 
the pins on the pad cables used with the muscle stimulator 
30 are designed with a large diameter so that they cannot be 
plugged into a typical household 110 volt electrical outlet In 
addition the battery charger cable pin is designed such that 
• it can only plug into the battery charger jack and not into a 
channel jack, which could damage the powered muscle 
35 stimulator. 

In its method aspects, the powered muscle stimulator of 
- the present invention is designed to detect if a connection 
between the pads, cables and the stimulator is faulty and to 
take appropriate action. The powered muscle stimulator of 

40 S^T". W f °l * 3150 desi S ned suc * *« a channel 
output level can be changed only by a single digit at a time 
which assures that a rapid increase or decrease in muscle 

SET, I "? * apCti * a<Xd by "*' Sg 
treatment if the rocker switch was continually depressed. 

45 Other safety features of the powered muscle stimulator 
include monitoring the battery charger so that none of the 
channels of the powered muscle stimulator can provide an 
output to a cable and pad while the battery is being 
recharged, constantly monitoring the frequency and width of 

so the waveform output by the powered muscle stimulator and 
Ulang appropriate action if the waveform changes from the 
desired pattern, monitoring the liquid crystal display of the 

- m mU - S ° 1C stimuIator and appropriate-action if 
the display is not operating properly and constantly moni- 
55 tonng the battery voltage of the powered muscle stimulator 
and taking appropriate action if the amount of voltage 
supplied to the microprocessor is incorrect ° 
An additional safety and treatment feature of the powered 
muscle stimulator of the present invention is that the stimu- 
63 lus intensity regulated by the patient is the pulse width of the 
voltage signal which forms the output from each of the 
channels of the powered muscle stimulator. A ramp on/off 
type of stimulation is utilized such that the patient experi- 
ences a slowly increasing stimuli which is more comfortable 
65 than an abruptly changing stimuli used in prior art devices 
With these and other objects, advantages and features of 
the invention that may become hereinafter apparent the 
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nature of the invention may be more clearly understood by 
reference to the following detailed description of the 
invention, the appended claims, and to the several drawings 
attached herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 5 

FIG. 1A is a drawing of a top view of the powered muscle 
stimulator of the present invention; 

FIG. IB is a drawing of a side view of the powered muscle 
stimulator shown in FIG. 1A; 10 

FIG. 2 is a drawing of a front perspective view of the 
powered muscle stimulator of the present invention showing 
the data storage card for use therewith; N 

FIG. 3 is a drawing of a side view of the data storage card 15 
shown in FIG. 2; 

FIG. 4 is a drawing of an end view of the data storage card 
shown in FIGS. 2 and 3; 

FIG. 5 is a drawing of a cross section of the data storage 
card of the present invention taken along the- line Sr-S of 20 
FIG. 3; - / ' . M . 

FIG. 6 is a drawing of a cross section of the data storage 
card of the present invention taken along the line 6-^ of 
FIG. 3; _ .- - ~ : 

FIG. 7 is a drawing of a front view of the powered muscle 
stimulator shown in FIG. 1 showing some of the components 
located inside the stimulator; 

FIG. 8 is a drawing of a section taken along the line 8 — 8 
of FIG. 7; ^ 

FIG. 9 is a drawing of a side view of a guide rail used in 
FIG. 7; 

FIG. 10 is a drawing of a top view of the guide rail used 
for securing the data storage card in the powered muscle 
stimulator of the present invention; 35 

FIG. 11 is a drawing of an enlarged detail of the back 
portion of the guide rail shown in FIG. 8 designated by circle 
11—11; . _ ... 

FIG. 12 is a schematic block diagram of the circuitry of 
the powered muscle stimulator of the present invention; 40 
, FIG. 13 is a schematic block diagram showing the opera- 
tion of the software used to operate the .powered muscle 
stimulator of the present invention; and 

FIG. 14 is a diagram of the ramp structure for each of the 
output impulses produced by the powered muscle stimulator 
of the present invention. 



45. 



DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 



50 



Referring now in detail to the drawings wherein like parts 
are designated by like reference numerals throughout, there 
is illustrated in FIG. 1A a top view of the powered muscle 
stimulator 100 of the present invention. The powered muscle 
stimulator 100 includes a power switch 102 and four 55 
switches 104-110 for controlling the respective outputs of 
each of the four isolated channels contained in the powered 
muscle stimulator 100. An LCD display 114 is provided as 
a user interface. Four output jacks 116-122 are provided at 
the front of the case of the powered muscle stimulator 100. 60 
a separate jack for each of the output channels. Each of the 
above -described components, together with the circuitry and 
a nickel cadmium battery system 1208. as well as other 
components to be described latei herein, are housed within 
the plastic case or shell 112 of the muscle stimulator 100. 65 

As shown in FIG. IB. the case or shell 112 of the muscle 
stimulator 100 may be formed from an upper piece 112a and 
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a lower piece 1126. in order to more easily manufacture the 
muscle stimulator 100. A jack 124 for connecting the muscle 
stimulator 100 to a battery charger 1210, may be located on. 
for example, the right side of the muscle stimulator 100. 
5 The muscle stimulator 100 may be used in a self- 
administered manner by patients for providing treatments 
prescribed by physicians and/or other health care providers. 
The muscle stimulator of the present invention may be used 
for the relaxation of muscle spasms, for the prevention or 
1° retardation of muscle disuse atrophy, for increasing local 
blood circulation in the legs or other limbs of the patient for 
reeducating the leg muscles or other muscles of the patient, 
for providing immediate post-surgicar stimulation of calf 
muscles of the patient in order to preventvenous thrombosis, 
1 5 or for maintaining or increasing the range of motions of the 
patient's legs or other limbs. 

In order to connect the output jacks 116-122 of the muscle 
stimulator 100 to the patient a like plurality of cables (only 
one cable 126 is shown for purposes of simplicity) is used 
^ 20 t0 malce a cqqu^oq between one of- the output jacks and a 

standard electrode pad (not shown) which contacts the skin 
*4J of the patient For safety purposes, the pin 128 of the table 

yl 126 which is inserted into the ; fespectfyerjacks 116-122 in 

I ff order to connect the electrode ^d.to^e^respective output- 

Z~_ 25 jack may be formed of such a'shape "and. size ; that ft" Is not 

y ; possible to plug the pin 12S into a stanSard household plug,. 

W which provides 110 volts of electricity. The pin 128 may ' 

f¥j preferably be a 2.5 ram diameter female plug, 

grj 30 The powered muscle stimulator 100 of the present inven- 

~ tion is a digitally controlled device which provide additional 

1_. safety features for the user, other than those previously 

fe» described. The muscle stimulator provides four isolated 

£ channels capable of independently treating four separate 

p I 35 muscle groups. Each of the four channels has independent 

J S output power stages and transformers in order to provide 

^ channel separation. The muscle stimulator 100 is battery 

LJ . ... powered in order to provide.portability.-The battery power is 

Q provided by an internal six volt" nickel cadmium battery 

^ system 1208. which eliminates the need for patients to 
monitor and replace batteries. The user interface LCD 114 
provides visual feedback to the user. In addition, the cir- 
cuitry of the muscle stimulator 100 includes a buzzer 1214 
having an output, which provides audible reinforcement of 
45 keystroke actions. Also, each of the isolated channels has a 
separate intensity control for independently increasing and 
decreasing the intensity: of that channel. 

The power switch 102. in addition to powering , on the 
muscle stimulator 100, also serves as an off "switch for 
50 shutting down the device. The remaining operational 
functions, such as the contract or on time and relax or off. 
time, treatment time and normal/alternating mode selection 
have built-in default settings in firmware of 2 seconds. 2 
seconds 40 minutes and normal, respectively.. However, as 
55 will be described later herein, those default settings are 
easily modified at the time of use, in accordance with the 
prescription or the user's physician's instructions. 

As shown in FIG. 2, the muscle stimulator 100 may be 
provided with a data storage card 200, the details of which 
60 are more fully shown and described in connection with 
FIGS. 5-11. The data storage card consists' primarily of a 
printed circuit board ^ with a model 24 LC 16B serial 
EEPROM integrated circuit which is generally connected to 
various contacts of a header connector 400 having a plurality 
65 of contacts 402. In the preferred embodiment, such contacts 
402 are female electrical contacts. The header 400 is 
mounted at one end of the data storage card 200 such that. 
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when the data storage card slides into the muscle stimulator 
100 and is positioned by means of the guides 202 and 204 
and elongated slots 600 and 602. the contacts 402 of the 
header 400 fit over the contacts 208 of the header connector 
206 mounted inside the muscle stimulator 100. s 

•h. 71 !, 6 , ^l a . « t0ragC CBd 200 is P"fcrably provided with a 
•handle 210 which is formed in the bottom half 212 of the 
data storage card 200. The top 204 of the data storage card 
200. hkc the ^bottom 212. is formed from a plastic material. 
The top 204 and bottom 212 portions may be secured M 
together by means of screws 500 and 502 (shown in FIGS 
5 and 6). glue or other suitable adhesive materiaL When the 
data storage card 200 is mounted and properly seated within 
the muscle stimulator 100. the outside edge of the data 

storage card 200 serves as a continuation of the normal edse is 
or the muscle stimulator 100. 

The bpttoraportion 212 of the data card 200 has integrally 
molded elongated slots 600 and 602 which slidaWy engage 
with the : respective guide rails 204 and 202. Adjacent to the 
- end of the data storage card 200. a respective stop 300 20 

- " : ^2. is provided on each side to ensure a positive stop when 
. , - the data storage fcard 200 is properly seated in the muscle 

. . . - : ' f* * . : stimulator : 100. 

" ■'■ ' -"'.? -^'J? h ^/d. be understood that the elongated slots 600 and 

<»OZ are formed as a part of the data card 200 in such a 23 
manner that alignment of the data card 200 in the muscle 
stimulator 100 is ensured because the slots 600 and 602 only 
allow the data storage card 200 to be inserted into the muscle 
stimulator 100 with the correct orientation. That is the 
elongated or tracking slots 600 and 602 are formed in such 30 
a manner that the data storage card 200 cannot be inserted 
upside down into the muscle stimulator 100. 

As shown in the figures, the printed circuit board (not 
*° wn > 15 f""y enclosed within the plastic data storage card « 
C 200 and covered such that, after the top and bottom potions " 

^ 212 and 214 of the data storage card shell are secured to each 

S ^, of *e internal wniponents contained on the printed 

J " ooa" 1 a" protected from the outside elements In 

.. f^ on - me external header connector 400 is designed such , n 

tha it contains cone shaped guides [where are these shown'] 
molded into its plastic shape such that it assists in the 
-alignment of the internal header connector 206 mounted in ' 
the muscle stimulator 100. 

The structure of the storage card 200 is such that it is 4 , 
designed to be used with and removed by the patient from 
the : muscle stimulator 100. or any other similar type of Class 
H device which a patient uses in an" unsupervised manner 
• mailed to a service bureau for downloading the stored-usage 
. . • ^formation, and. replaced with a new-data storage card. 50 

Typically, a data storage card such as the data storage card 
200 disclosed herein, is designed to hold 30-60 days of 
patient usage information. - 

The types of information that may be stored in the data 
card ^include, for example, the.day. month, year and time of 55 
day (am or pm) as well as the serial number of and the usaoc 
of the muscle stimulator. Such data is stored at the beginning 
of each data element Other information stored is whether 
treatment is present, the length of time in minutes that the 
muscle stimulator was used, that is. that treatment was 60 
provided, the average intensity of the treatment used, the 

peak intensity of the treatment used, the number of times the 
treatment was : rP lied within the relevant time period he 
"utial program mode data, any program changes made bv 
the user and a reserve storage location. In that manner/the 65 
maximum number of bytes of data storage for one day could 
preferably be 26 bytes. During treatment use by the oatient 
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data is accumulated for the treatment period. When thr 
muscle samulator 100 i s turned off. thecurremSne^ 
data * combined with the present treatment data anTstorcd 
in an internal temporary storage area 1202. 
5 When the muscle stimulator 100 is next tum«< ... 

2? 1206 ., which ?r idcs *• £ S SStiOs 

determine if any 12 hour treatment boundari* 7hMb~l 

become* , the permanent data for the first 12 how pericS 
,0 beyond the last stored 12 hour period and that dJTLStod 
tothe data storage 1202. Next, a detST a «£ " 
made of howmany more 12 hourperiods have been crossed 
and those are stored in the internal data storage 1202 2 
zero date, finally, the internally stored data is written J2 

" S\ U04 C ° ntaincd 1,1 * c ^rage Sd 200 
to * * ^g^^OOispresent. then no dalais written 
tothe card. The date written to the data storage cardMoS 

M latest stored 12 hour period. T*at period J used t<^ T «Se 
Q " - date a n d ^ otheronetimc ^ ^ « ** 

1- ?, Vailab,c <tata is written to the *u^? 

-t • .-, .. ■ : " How ?^: * *« * <«ata in the internal date stSe 

HJ ^ 1 t 20 ^^bestored O nmeaatacarf20nenS 

ffl ■ - . * C ' f ° ra « e card 200 wiU be written to that storaee 

« has beenremovedfrom the musde stimulator 100 or similar 

^Pe device, the next time a data storage card 200 is inserted. 

of the data stored in the internal data storage area 1202 
nc uding any "missing" data periods, as long as uTose 

W 35 .JSE^ D ° W f ^ GS - 9 ^ 10 - is ^own aside view 

JE and top view of the data storage card guides 202. 204 which 

S are constructed as the same piece and mounted mside t£ 

'% - ■ m " SC A e 100 » nurror image fashion using a 

O " '^^^o^moun^gmechanisnL^orlhe 

40 guides includes two mounting holes 900. 902 which may be 

"Mte.Tir*" ^ SaCWS 10 ^ ^ ^des 200 
euies^^T 2 bfaCketS (DOt sh °*"»- of me 
- . guides 200. 204 include two guide surfaces 1000. 1002 one 

of which is used by each of me guides as me guide surface 
45 on which the elongated slots 600. 602 of the JLta card 2^0 

?«ZJ m wi ^*? fth , egui ? es200 ' 204 ^P«ferably designed 
££J b,d ff* 0 ° aL "L** ^terial which sid^ the Tare 
... _ used.on. At the inward side of each of the guides 200 204 

- . 50 designed to mate with the detents 302. 300 for aligning and 

ator 100. FIGS. 7-and 8 show the guides 202. 204 mounted 

,T $C ! C StUnU,at ° r 100 and thiu relationship to the 
« ^ternal header connector 206. FIG. 11 shows an cnlarge- 
ment of the alignment and securing mechanism formed by 

tion with the detent 300 of the data card 200 

FIG. 12is a schematic block diagram of thetircuitry used 

60 S ^P™ 6 ^ musc,e WO of the present Len- 

T^ C , T St,mUlat ° r 100 ° f the P resent «'"™tion. as 
prevK.usly ducussed. is powered by a rechargeable 6 volt " 

oicLel cadmium batten' system 1208. which is recharged, as 
»iU he described later herein, by a battery charger 1210 
• whicn may preferably be powered by standard 110 volt' 
6, household electric current. As a safety feature the muscle 
sum U lator 100 is ***** » be inoperative S J • 
battery system 1208 is being charged. A battery, montor 
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circuit 1212 is connected between the battery system 1208 
and the microcontroller 1200 so that the mkrownwto can • 
provide an indication to the user by means of the LCD 114 
under certain adverse battery conditions as wdl be ^scribed 
later herein. The microcontroller 1200. as will be described 5 
hereafter, serves to control and monitor all of the functions 
of the muscle stimulator 100. 

As previously described, the powered muscle stimulator 
100 of the present invention provides four isolated channels 
1-4 capable of independently treating four separate muscle 
eroups. Each of the four channels has an independent drive 
system 1218-1224. which include^ independent output 
power stages and transformers, in order to ensure channel 
separation. A buzzer 1214 is provided such that audible 
reinforcement of keystroke actions using the keypad 
104-110 is provided to the user. 

In operation, the patient first powers i up .the muscle 
stimulator 100 using the on/off switch 102. If-tfie patient 
does not desire to change the settings entered into ttie ^ 
internal memory 1202 of the muscle stimulator 100. then the 
muscle stimulator 100 will be powered up in the previously 
set mode of operation. The default setting is the normal 
mode In that normal mode, all four channels of the muscle 
stimulator act synchronously, providing the stimulation 
pulse trains at the same time, although the intensities of each 
channel are independently controlled. This mode of opera- 
tion allows the patient to independently treat up to four 
separate muscle groups simultaneously. If the patient 
desires, an additional level of control for special situations ^ 
has been provided, which is termed the alternate mode of 
operation. In the alternate mode of operation, channels land 
■> are operated asynchronously with channels 3 and 4. Thus, 
when channels 1 and 2 are stimulating the muscles, channcb 
3 and 4 are off. and when channels 1 and 2 are off. channels ^ 
3 and 4 are stimulating the muscles. The set on and off times 
are the same for all four channels in the normal mode. 

Dunn* normal operation, the top line of the LCD display 
114 which can display up to two lines of 16 characters per 
line displays the current settings for the muscle stimulator w 
100 The bottom line displays the intensity levels selected by 
the user for each of the four channels. In order to provide 
visual acknowledgment of the operation of the muscle 
stimulator, whenever outputs are being sent to a channel tiie 
intensity level has an asterisk (*) displayed beside die 45 
intensity level to indicate that the output is being sent to that 
channel. 

If the user wishes to increase the intensity on a certain 
channel, one of the four rocker type of switches 104-1W-. 
which may preferably be designed as an elastomenc keypad, so 
is pushed by the user. One end of each of the switches 
104-110 serves to increase the intensity, while the other end 
of each of the switches serves to decrease the intensity on 
that channel. When the user is finished a treatment session, 
the on/off switch 102 is again depressed, turning off the 55 
muscle stimulator device 100 at the end ofthe desired usage. 

The four switches 104-110 are also used to change the 
settings of the muscle stimulator. In order to change the 
settings, the on/off switch 102 is depressed for five seconds 
during the start-up sequence, which automatically places the 60 
muscle stimulator into the set-up mode. In the set-up mode, 
each of the rocker pitches 104-110 can be used to change 
one of the four operating parameters (contract time, relax 
time, treatment time and normal/alternating mode) of the 
muscle stimulator 100. Once the patient has set the operating 65 
parameters of the muscle stimulator as prescribed lot 'desired. 

fh^n aoain depresses the on/off switch 102 to 
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store the new parameters. The values set by the patient 
based on the prescription and/or physician's instructions are 
internally stored in the internal storage 1202 for reuse durine 
ruture treatments. *» 
5 As previously described, an external data storage card 200 
is used to provide a usage monitoring capability, in con- 
junction with the internal data storage 1202. The purpose of 
ttat monitoring capability is to provide the physician and 
health care providers, as well as the provider of the muscle 
10 stimulator 100, with information documenting the usaee of 
the muscle stimulator 100 by the patient The cumulative 
usage of the muscle stimulator 100 by the patient in minutes 
as well as the average stimulus setting in a 12 hour period 
(twice per day) is stored and recorded for each channel, 
15 initially in the internal data storage 1202. While the internal 
memory 1202 is preferably capable of storing six months of 
data the usage information stored in the memory device 
1204 contained in the data storage card 200 is capable of 
storing only two months of data. The memory device 1204 
20 which forms part of the data storage card 200 is strictly a 
Q t4write 0tt i y " device ' and only the reception and 

^ storage of data. No treatment data stored in either the 

~ mternal stora ge 1202 or in the memory 1204 contained 

US on the data storage .card 200 can be used for any control 

U I 25 functions of the muscle stimulator 100. The muscle stimu- 

li lator 100 factions normally, whether or not the data storage 

I r card 200 1S mounted in the muscle stimulator 100 Once the 

£ ? a&ent * finished w to treatment, the muscle stimulator 100 

^ 1S rctu ™ed to its manufacturer or other provider and the 

y3 30 eternal data stored in the internal data storage area 1202 can 

then be retrieved. 

^ The muscle stimulator 100 of the present invention gen- 

~ erates an alternating biphasic asymmetric balanced pulse 

4* pattern with a cycle frequency of preferably 71 Hz The 

|y 35 primary pulse has a maximum width of 415 microseconds 

£ followed by the transformer coupled exponential decay back 

^ to zero base line. The biphasic pulses alternate direction 

U resulting in a pulse repetition rate of 142 pulses per second* 

U As previously described, the stimulus intensity is regulated 

40 by the patient by pressing the rocker switches 104-110 The 
voltage level is kept constant The resulting increase or 
decrease in stimulus intensity is a result of the increasing or 
decreasing charge per pulse, which is approximately equal to 
the pulse width times the pulse height - 
45 The muscle stimulator 100 of the present invention uses 
a ramp on/off type of stimulation, which increases the pulse 
width to the desired setting. The pulse generation system of 
the muscle stimulator 100 preferably consists of an elec- 
tronic switch such as a logic level Field Effect Transistor 
50 which is controlled by the microcontroUer 1200. When a 
pulse is to be generated, the microcontroller 1200 turns the 
FET"switch w on.That generates the start of thepulse. When 
the microcontroller 1200 determines that the pulse is to endL 
it then turns the FET "switch" off. The FET "switch" applies 
55 power from the battery -system 1208 directly, across the 
output transformer primary windings which causes the pulse 
to be generated at the output side of the transformer. Each of 
the drive circuits 121S-1224 includes such an FET "switch" 
as weU as an output transformer, in a known manner. FIG 
60 14 illustrates a drawing of a slowly increasing stimuli or 
ramp.used to implement this feature in the musclestimulator 
100 of the present invention. 

-As alrer described, the muscle stimulator 100 of the 
present invention generates a series of' pulse trains which 
65 generate output pulses for the time period designated by the 
contract period selected by the user, and then no pulses for 
the time period designated by the relax period selected by 



intcnsu.es specified by the user. SMlvlfTte ^Z 

measured across a known load resistance. Si u 
amplified and feed back into the analoJ-TcJSL 

wtuch allows a precise measurement of the actual InJ 

RS tfLTu^ ° U,PUt . ° f ^ *"*n«iS£S 

in each or the four drive circuits 1218-1224 TW •„ 

ment allows the microcontroller 1200 to^eS hST"* 
circuit, (that is. no ,oad ~J£?£°S^££ * 
conchuons. which allows the miaocontroller 12oI toTu - 
down the control signals going to th/» ™,t« • 
orcui. ^ form ^ orWS^,^ 
Jus under open or short circuit condition* Tme lc7d' 
detecuon circuit 1226 operates to shutdown the WaZ h 
of pulses by the muscle stimulator 100. generation ™ 

A watchdog system 1216 is also provided with which to 
monitor the microcontroller 1200 to ensure that 

watchf r 1200 is opera,ing and £SS2££T£: 

watchdog system 1216 operates using a "counter" YZ *> 
counter" reaches a certain predetermined valuT 'then^ 
operates to shut down the microcontroller 1200 and thus the 
muscle stimulator 100. During normal operation the mtro. 
controlier 1200 prevents such a shut down from occS 
by always resetting the "counter" of the watclX IS 35 
1216 back to zero well before the maximum counfa V S 
£ reached. In that manner, if the microconnX 1200 
becomes non-operational for any reason the counter M 
watchdog system 1216 would reach £ £2£££ 
termined value and thus shut down the muscle sSnSor « 

HG. 13 iUustrates. in schematic block diagram form, the 
firmware permanently stored in the read only memor^of S ' 
rmcrocontroller 1200 which is used to operate aTd^o 
Ae muscle stimulator 100 of the presem invent^ The 45 
firmware „ controlled by a Foreground Executive ModJe 

as a state machine" such that the firmware 3okT 

S3ffi?S 0f 1200 basedoatputs » 

received from the circuitry of the muscle stimulator 100 

As previously described, the primary module which ooer 
ates- the output channel circuits is the pulse generator 
module, which forms pan of the drive circS ? uSS? 
That module is started by the Foreground Save S » 
at the startup state 1300. when the on key 102 is depreSi 
The background pulse generator module is opiSn fn 
^pendent interrupt driven fashion and functions uL" 
da* supphed by the Foreground Executive Module wS „ 
d*a has been inputted during the parameter modtfy or " 

SS^SK^ h 302 - f s previous,y ****** o" 

Zl 102 « released ,n less than 5 seconds after it is 

SHJ e 7 k t* ,imu,ator 100 en,ers runni "S * 

1304. during wh.ch the treatment of the patient is provided « 

tiol ^ CrOCOntr0ilCr ? 2 °° COnSIam, >' monitors ">e opera- 
tion of the arcuury ot the muscle stimulator 100 of the 
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in i 6 f° n - F ° r CXara P le - « he firmware monitors the 
operaaonal frequencies of the background puke generators 
which form part of the drives 12l£l224 against S= 
pendent frequency to ensure that each of thfse op^attonal 

occurs in the running state 1304 and is acconiolS 
trough the use of the clock monitoring subSofoS 
microcontroUer 1200. The clock monitcl sub^steS of me 

SET??" °S m0Dit °" * e ^"ency of d*k 
10 oscillator integrated circuit which determines the acS 

1 5^:^ 8 ^ whichit ~ntrols.IhtheeveS 
that any of the frequencies become corrupted, the ooera 
Uonal state of the firmware shifts to thesJspend a J E£ 
I5 ^ndlmgsuteUiO.wmchdispIaysanerrorLisagefor^e 
1306 which sc* up the muscle stimulator for shutdown 

SS.???^"™ thCn 85 a wami "g on the LCD 

stimulator 100 then enters the stop stage 1314 which s «™ 
to turn off the muscle stiibjlato/circuitry T^-^i 
In addition, the "firmware also indnitors the load on each 
channel using the load detect circuit 12ttSfl£ 
25 monitoring occurs during the running state 1304 fa ^ •"- 
event .hat no load is detected, indicating either an o^nt 
shorted condition, the firmware again lasses 
pended error handling state 1310. and then passes though 
the ending state 1306. the error warning slate iau!S 

30 S n ^-° PP< ? "^aspreviousidescribeifaj 
sundar fashion, the battery system 1208 is monitored byL 

thST> h 1212 dUrins * C """^ state 1304 and. in 
fte event it is determined that there will shortly be insuffi- 
cient power o properly operate the rritaoconoW ?200 

35 S^Tf tb T^ 100 * shut down - * a *~ sS 

bacK^r^ ab ° Ve k COnnCCtion with a corrupted 
conS P UkCSenerat0rfre< l uenc y^ a noloaddetection . 

. The firmware also accumulates and stores treatment data '■" 
,0 for each channel both in the internal memory l£«d£ 
the memory 1204 of the external data storage card 200 
When the patient completes the treatment session, the finn- 
ware wntes ftat da* to the internal storage 1202 prior tome 
shut down of the microcontroller 1200. The treaSnt dl 
45 is stored on the data storage card 200 by 12 hour ate 
increments For each 12 hour period, the cumulative^aS 
usage of the muscle stimulator in minutes iSK 

is transferred from the internal data storage 1202 to the 
50 storage device 1204 contained on the da! storage ca.5 
during the start-up sequence of the muscle stimulator 100 

r; m V , ^ SC !! U,8$ f ° r * e COntract or 00 *c relax or off 
Ti' l^"' m0de < whether ^rmal or alternate) and 
the length of the treatment are also stored for the user iS 

Sff 1200 mCm0iy withia fte stimuL* 
10* Those four items are also displayed for the user on the 

t - k 11,056 P 10 ^ modc Parameters can be 
resetatany tuue by entering the program set-up mode during 
a start-up sequence of the muscle stimulator 100. fcTmf 
60 manner previously discussed. Once the program set-UD 

program change screen which allows the user, by mand- 
ating the rocker switches 1O4-M0. to change thTnnl 
sponding program mode parameter displayed on the screen 

IZ /? P C - USl " S the ChanneI 1 104 Ganges Se 

contract time using the channel 2 switch 106 changes fte 
relax time, using the channel 3 switch 108 toggles bltween 
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the normal and alternate modes and using the channel 4 
switch 110 increases or decreases the treatment time. 

The batten' system 1208 is charged during a quick 
recharge cycle by the battery charger 1210. During the 
charging cycle, the muscle stimulator is in the charging state 5 
1318. and cannot operate. The battery monitor 1212 as well, 
as the microcontroller 1200 determine the amount of charge 
needed by the battery system 1208. If the battery system 
1208 is sufficiently low, then the battery system will be 
charged until the battery voltage begins to show a decline, 10 
then the charging circuit reverts to a "trickle" charge mode 
in order to allow maintenance of a fully charged battery at 
all times. N 

Additional safety features of the muscle stimulator 100 of 
the present invention include a large diameter pin 128 at the 15 
end of each of the pad cables 126. such that the pad cable 
126 cannot be accidentally plugged into a 110 volt house- 
hold electrical outlet and cause electrical shock and damage 
to the pads and cable, a battery charger cable with a pin that 
plugs only into the battery charger jack.124 thus preventing 
the battery charger cable" from being accidentally plugged 
into a "channel-jack, which could damage the muscle stimu- 
lator 100 anda plug connection detector (load detect circuit . 
1226) which Is designed to detect if a connection between 
the pads, cables 126 arid Ae muscle stimulator i00 is faulty. 25 
If, after start-up! a faultyconnecuoh is detected . the muscle 
stimulator 100 will not start. If. durinjgoperation, a connec-. 
tion becomes loose, the circuitry of the muscle stimulator 
100 will be automatically shut-off. The plug connection 
monitor thus assures the user that all channel connections 30 
are good. 

The firmware used with the muscle stimulator 100 of the 
present invention also includes, as a safety feature, a start 
treatment channel setting. That feature is designed to 
prevent, at the start of a treatment, a channel output to be set 
above zero. That assures that the user will not receive an 
abrupt muscle contraction when starting a. treatment. Thus, 
when starting a treatment, the muscle stimulator 100 begins 
operation with all channel intensity settings at zero,' If a pad 
is removed from the skin during treatment the muscle 
stimulator 100 automatically resets the channel to zero. If a 
pad cable is unplugged from the muscle stimulator 100 
during treatment, the intensity of that channel- is reset to 
zero. 

In addition to the start treatment channel setting safety 
feature, the muscle stimulator 100 of the present invention 
also includes a channel increase/decrease limit feature, 
which is designed so that the channel output level can only 
be changed one digit at a time. Thus, pressing the respective 50 
channel rocker switch 104-110 will change the output" 
controlled by that switch by only one digit That assures that 
the user will not receive a rapid increase or decrease in 
muscle contraction during treatment if the rocker switch 
were continually depressed. 55 

The muscle stimulator. 100 of the present invention also 
includes in firmware a monitor which is designed to con- 
stantly monitor the frequency and width of the waveform 
being applied to each of the pad cables, which is the pattern 
of output which creates a muscle contraction. If the wave- 60 
form changes from the pattern it is designed to generate, the 
muscle stimulator is automatically shut-off. That assures that 
the user will receive the effective and comfortable contrac- 
tion designed to be provided by the muscle stimulator 100. 
As a final safety feature, the muscle stimulator 100 of the 65 
present invention is designed to constantly monitor the 
liquid crystal display 114. If it is determined that the display 
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